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DESCRIPTION OF MAP UNITS

[Map units distinguished and interpreted on basis of morphology, texture, stratigraphic position, backscatter properties, and 
structural associations using cycle 1 and cycle 2 synthetic aperture radar (SAR) images. Most map units distinguished as rock 
units with structural (tectonic) characteristic variations]

EDIFICE MATERIALS

Concentric edifice material—Smooth-textured material extending concentrically around oval-
shaped edifice near lat 71° S., long 192° (fig. 4), mainly to the east, where sharp margins 
define boundaries. Western and southern portions more uncertain, with possible embayment 
by mottled textured plains material (unit ptm). May contain moderate density of high back-
scatter narrow ridges 

Unit 2—Interior material marked by lower radar backscatter. Interpretation: Lava from central 
caldera structure overlying unit ec1

Unit 1—Exterior material marked by intermediate radar backscatter. Interpretation: Lava from 
central caldera structure underlying unit ec2

Lobate textured edifice material—Series of hummocky to smooth-textured, intermediate back-
scatter material showing individual lobate margins, most of which radiate outward from cen-
tral edifices near lat 52° S., long 222–224° (Raskova Paterae) and overlie regional plains 
material (unit pr). Also exhibits high backscatter lineaments spaced 10–50 km apart. Interpre-
tation: Overlapping lavas associated with central calderas of Raskova Paterae

PLAINS MATERIALS

Mottled textured plains material—Often semicircular to oval-shaped, intermediate backscatter 
material overlying regional plains material (unit pr). Shows slightly hummocky texture, with 
margins more diffuse than, for example, mottled ridged plains material (unit prm); may exhibit 
some mottling within larger portions and may encompass several small units (for example, 
dome fields (unit df) at lat 66.5° S., long 183°). Interpretation: Probable sites of volcanic (ex-
plosive?) activity, with hummocky, broken textures possibly arising from many small (below 
spatial resolution of SAR images) volcanic centers and (or) volcanic ejecta

Lobate plains material—Very high backscatter, digitate to lobate material overlying regional 
plains material (unit pr); usually well defined, lobate margins, although some margins may be 
diffuse and interspersed with mottled, lower backscatter splotches or ridges (or both). Stream-
lined nature of some portions resembles crater flow material (unit cf). Type locality is Sicasica 
Fluctus (lat 52° S., long 181°), which occurs at easternmost extension of topographic rise. 
Interpretation: Isolated lava flow remnants; type locality represents lava flows at terminus of 
tectonovolcanic region west of map area

Imdr plains material—Low to intermediate backscatter plains material apparently emanating 
from the Imdr highland area to the north of the map area. Occurs only at lat 50.5° S., long 
212.5° and covers regional plains material (unit pr). Interpretation: Large lava flows origi-
nated from now buried fissures in Imdr Regio, north of map area; alternatively, early-stage 
lava flow(s) associated with Imdr volcano

Regional plains material—Mainly smooth-textured material (low to intermediate backscatter) 
exhibiting semilinear or semiparallel high backscatter ridges (or both), most often spaced 
10–50 km apart. Branching, elevated, north-south linear belts in center of map area (Saule 
Dorsa) show linear to semilinear concentrations of closely spaced (<20 km) high backscatter, 
positive relief ridges and (or) lineaments. Southeastern part of map area (Nuptadi Planitia) 
shows a weblike network of semiconcentric to sinuous ridges resulting in a reticulate fabric. 
Other areas may show few to no ridges. Overlies corrugated ridged plains material (unit prc), 
mottled ridged plains material (unit prm), and undifferentiated plains material (unit pu). Inter-
pretation: Plains lavas associated with major, regional volcanic resurfacing event(s), later tec-
tonically warped or deformed by compressional forces, possibly related in places to corona 
development. Smoother areas represent lavas unaffected by wrinkle ridge deformation. Ridge 
belt areas represent intense deformational (compressional) zones of overlapping wrinkle ridges 
and smooth ridges with minor fracturing

Undifferentiated plains material—Intermediate backscatter plains material with few patches of 
low backscatter material mainly in north-central part of map area (type locality: lat 51.5° S., 
long 209°). Overlain by regional plains material (unit pr). Interpretation: Older lavas origi-
nated from Imdr Regio, north of map area, possibly from southern rim of corona at lat 47.5° 
S., long 208°

Mottled ridged plains material—High to intermediate backscatter plains occurring within 
regional plains material (unit pr). May have low backscatter sinuous to linear channellike 
forms either contained within the unit or crossing both this unit and unit pr; may exhibit semi-
linear ridges that cross both this unit and unit pr. May occur as large contiguous units or as 
patterns of “splotchy” material with sharp to gradational edges. Superposition relations diffi-
cult to discern, but regional plains material (unit pr) and (or) lobate textured edifice material 
(unit etl) appear to have embayed this unit. Interpretation: Old volcanic deposits, including 
lava flows, some channelized. Deformed by later ridges, contemporaneous with ridges of 
regional plains material

Corrugated ridged plains material—Complicated mixture of narrow high backscatter ridges or 
curvilinear segments with plains wrinkle ridges. May be embayed or overlain by regional plains 
material (unit pr), arcuate ridge and groove material (unit rga), or smooth arcuate ridge mate-
rial (unit rsa). Embays tessera material (unit t) in places. Occurs only in center of map area, 
between southern end of Saule Dorsa and northern end of Chih Nu Dorsum (lat 68° S., long 
207°; fig. 5). Interpretation: Compressionally deformed older plains material, or possibly the 
central portion of former corona complex with flooded margins and deformed rims

RIDGE MATERIALS
Arcuate ridge and groove material—Curvilinear to arcuate, semiparallel ridges and grooves ele-

vated relative to surrounding terrain. May be embayed or crosscut by lavas and wrinkle ridges 
of regional plains material (unit pr). At type locality is Phra Naret Corona (lat 66° S., long 
208°), which overlies corrugated ridged plains material (unit prc). Where not distinguished on 
basis of prominent features (that is, high backscatter ridges/low backscatter grooves), may 
also be identified by lack of surrounding wrinkle ridges associated with regional plains material 
(unit pr). Interpretation: Volcanically flooded corona rims

Smooth arcuate ridge material—Like arcuate ridge and groove material (unit rga), but encom-
passes smaller semiparallel, curvilinear, smooth-topped ridges. May show intervening plains 
units between ridges. May also show narrow ridges at bases of individual broad ridges. At type 
locality (lat 67° S., long 203°) overlies corrugated ridged plains material (unit prc). Broad 
ridges especially dependent on look direction and may not appear as smooth in cycle 2 as 
cycle 1 images. Interpretation: Ridge belt apices surrounded by volcanically flooded regions; 
alternatively, corona rim remnants

HILLY MATERIALS
Dome fields—Clusters of small (<20 km diameter) semicircular positive relief materials. Boundary 

defined where density is too high for consistent use of “small shield” map symbol. May over-
lap into other unit boundaries. Rarely, lobate material extends radially from small central edi-
fice. Interpretation: Fields of volcanic domes, rarely with associated lava flows

Tessera material—High backscatter, relatively high relief small areas showing multiple ridges 
crosscutting in predominantly one and rarely more than one direction. Intervening plains 
material grouped within this unit. Interpretation: Flooded former corona, tessera, or ridge 
belt material (or all)

CRATER MATERIALS
Crater flow material—Intermediate to very high backscatter, smooth to hummocky-textured 

material extending from crater showing lobate edges. May show some mottling and grada-
tional backscatter intensity within the unit, with slightly hummocky texture nearer crater. 
Streamlined morphology or low backscatter sinuous streaks or channels (or both) may exist. 
Most material appears to follow topography, and some margins abut low ridges. Interpreta-
tion: Fluidized ejecta blanket outflow materials with channels, with possible incorporation of 
minor ballistic ejecta blocks nearer crater

Crater material—High to intermediate backscatter material with hummocky to speckled textures, 
radiating from crater with sharp to gradational distal boundaries overlying low backscatter 
plains material. Material may not surround symmetrically entire crater, and may form individ-
ual arms or lobes radiating from crater rim. May form transverse ridges concentrically to cra-
ter and gradational contacts with plains or crater flow material (unit cf). May include small 
patches of underlying plains. May include low to intermediate backscatter speckled regions 
within or at distal ends of hummocky radiating material, gradational with surrounding plains. 
Also includes crater floor, walls, and rim. May include central, elevated, blocky region, or con-
centric, usually incomplete elevated rings with symmetric aprons of lower backscatter material 
at base. Interpretation: Impact crater and associated primary and secondary ballistic ejecta 
with minor fluidization. Distal ejecta may extend diffusely onto underlying plains, possibly via 
atmospheric entrainment of ejecta fines. Crater peak may form as single uplifted, blocky sur-
face, or as peak rings associated with impact event

Contact—Dashed where approximately located, indefinite, gradational, or inferred; dotted where 
concealed/buried; queried where uncertain

Fault, lineament, or fracture—Origin uncertain

Ridge crest

Narrow (wrinkle) ridge

Broad, smooth ridge

Trough

Small, elevated plateau

Scarp base—Barb points downslope; dashed where approximately located, indefinite, grada-
tional, or inferred; queried where uncertain

Flow scarp—Hachures on downslope side; queried where uncertain

Flow direction

Channel (canali)—Three dots where structureless or indefinite

Crater material—Hachure(s) on rim crests

Small shield (less than 20 km across)

Large edifice (20–50 km across)

Steep-sided edifice 20–50 km—Dotted where concealed/buried

Wind streaks (arrow points in inferred wind direction)

Surficial, diffuse covering of variable backscatter material. Visibility of underlying material 
(ridges and lineaments) may vary with look angle. Boundaries can be poorly defined or grada-
tional with surrounding plains. High (low) backscatter material may contain pockets of low 
(high) backscatter material, especially on or at bases of ridges. 

Marked by intermediate to low backscatter in both cycle 1 and cycle 2, although variable with 
look angle. Interpretation: Deposits of fines, often associated with impact-related small scale 
ejecta deposited downwind

Marked by high to intermediate backscatter visible only in cycle 1 images. Interpretation: Varia-
ble thickness aeolian deposits forming dunes or ripples with east-facing lee sides composed of 
small- to medium-scale fines

Marked by high to intermediate backscatter visible only in cycle 2 images (restricted to region 
south of crater Guan Daosheng near lat 63.3° S., long 182°). Interpretation: Variable thick-
ness aeolian deposits forming dunes or ripples with west-facing lee sides composed of small- 
to medium-scale fines

Marked by high to intermediate backscatter visible in both cycle 1 and cycle 2 images. Interpre-
tation: Variable thickness aeolian deposits forming symmetric dunes

The Magellan Mission
The Magellan spacecraft orbited Venus from August 10, 1990, until it plunged into the venusian atmos-

phere on October 12, 1994. Magellan had the objectives of (1) improving knowledge of the geologic proc-
esses, surface properties, and geologic history of Venus by analysis of surface radar characteristics, 
topography, and morphology and (2) improving knowledge of the geophysics of Venus by analysis of venusian 
gravity.

The Magellan spacecraft carried a 12.6-cm radar system to map the surface of Venus. The transmitter 
and receiver systems were used to collect three datasets: synthetic aperture radar (SAR) images of the surface, 
passive microwave thermal emission observations, and measurements of the backscattered power at small 
angles of incidence, which were processed to yield altimetric data. Radar imaging and altimetric and radiomet-
ric mapping of the venusian surface were done in mission cycles 1, 2, and 3, from September 1990 until Sep-
tember 1992. Ninety-eight percent of the surface was mapped with radar resolution of approximately 120 
meters. The SAR observations were projected to a 75-m nominal horizontal resolution; these full-resolution 
data compose the image base used in geologic mapping. The primary polarization mode was horizontal-trans-
mit, horizontal-receive (HH), but additional data for selected areas were collected for the vertical polarization 
sense. Incidence angles varied from about 20° to 45°.

High-resolution Doppler tracking of the spacecraft was done from September 1992 through October 
1994 (mission cycles 4, 5, 6). High-resolution gravity observations from about 950 orbits were obtained 
between September 1992 and May 1993, while Magellan was in an elliptical orbit with a periapsis near 175 
kilometers and an apoapsis near 8,000 kilometers. Observations from an additional 1,500 orbits were 
obtained following orbit-circularization in mid-1993. These data exist as a 75° by 75° harmonic field. 

Magellan Radar Data
Radar backscatter power is determined by the morphology of the surface at a broad range of scales and 

by the intrinsic reflectivity, or dielectric constant, of the material. Topography at scales of several meters and 
larger can produce quasi-specular echoes, with the strength of the return greatest when the local surface is 
perpendicular to the incident beam. This type of scattering is most important at very small angles of incidence, 
because natural surfaces generally have few large tilted facets at high angles. The exception is in areas of steep 
slopes, such as ridges or rift zones, where favorably tilted terrain can produce very bright signatures in the 
radar image. For most other areas, diffuse echoes from roughness at scales comparable to the radar wave-
length are responsible for variations in the SAR return. In either case, the echo strength is also modulated by 
the reflectivity of the surface material. The density of the upper few wavelengths of the surface can have a sig-
nificant effect. Low-density layers, such as crater ejecta or volcanic ash, can absorb the incident energy and 
produce a lower observed echo. On Venus, a rapid increase in reflectivity exists at a certain critical elevation, 
above which high-dielectric minerals or coatings are thermodynamically stable. This effect leads to very bright 
SAR echoes from virtually all areas above that critical elevation.

The measurements of passive thermal emission from Venus, though of much lower spatial resolution than 
the SAR data, are more sensitive to changes in the dielectric constant of the surface than to roughness. As 
such, they can be used to augment studies of the surface and to discriminate between roughness and reflectivity 
effects. Observations of the near-nadir backscatter power, collected using a separate smaller antenna on the 
spacecraft, were modeled using the Hagfors expression for echoes from gently undulating surfaces to yield esti-
mates of planetary radius, Fresnel reflectivity, and root-mean-square (rms) slope. The topography data pro-
duced by this technique have horizontal footprint sizes of about 10 km near periapsis and a vertical resolution of 
approximately 100 m. The Fresnel reflectivity data provide a comparison to the emissivity maps, and the rms 
slope parameter is an indicator of the surface tilts, which contribute to the quasi-specular scattering component.

INTRODUCTION
The Barrymore quadrangle (V–59) is a predominantly ridged plains region south of Imdr Regio, incorpo-

rating portions of Helen, Nuptadi, and Nsomeka Planitiae. The map area extends from lat 50°–75° S. and 
long 180°–240°, with nearly 70% coverage by cycle 1 synthetic aperture radar (SAR) images (left-look, inci-
dence angles 16°–23°) and complete coverage by cycle 2 images (right-look, incidence angles 20°–25°) (fig. 
1). The majority of the map area is covered by regional plains material that may either be smooth or deformed 
by wrinkle ridges or ridge belts of variable spacing. The difference in elevation between highest and lowest 
points in the map area is about 2.3 km. A north-south-oriented, 1,375-km linear ridge belt named “Saule 
Dorsa” is in the center of the region. The southern tip of this belt is intersected by a stratigraphically compli-
cated, east-west-trending intermittent series of disrupted material, arcuate depressions and rises, regional 
plains, and volcanic centers. This region (hereafter referred to as the “east-west disrupted zone”) lies within a 
belt between 63°–67° S. extending from Kadlu Dorsa to Moombi Corona. A high concentration of canali-type 
channels (long sinuous lava channels that may contain subsidiary channels that branch off from the main chan-
nel [Baker and others, 1992; Komatsu and others, 1992]) occurs in Nsomeka Planitia. This includes Xulab 
Vallis and Citlalpul Valles, which form the eastern extent of a 3,000-km-long canali system (Komatsu and oth-
ers, 1993). Three instances of canali bifurcation from north-south to east-west orientations occur in this region 
(fig. 2). Several large impact craters with fluidized ejecta blanket (FEB) outflows occur in the map area, along 
with some impact crater extended deposits (parabolas). The latter are mapped as surficial material using stipple 
patterns over the plains materials. These surficial deposits show variations in radar backscatter properties 
between cycle 1 and cycle 2 images related to orientation of aeolian dune or ripple faces (for example, Weitz 
and others, 1994; table 1). This region provides an interesting geologic setting for interpreting the history of 
regional and local plains formation and evolution, mainly due to development and subsequent deformation of 
the areally extensive plains units and accompanying canali (Komatsu and Baker, 1994).

Acknowledgments—The authors wish to thank B.A. Campbell (Center for Earth and Planetary Studies) 
and P.G. Ford (Massachusetts Institute of Technology) for assistance with Magellan radar property data, K.L. 
Tanaka (U.S. Geological Survey) and G.E. McGill (University of Massachusetts) for assistance with geologic 
mapping questions, and T.J. Parker (Jet Propulsion Laboratory) and H.J. Moore (U.S. Geological Survey) for 
formal map reviews.

MAPPING TECHNIQUES
Geologic mapping of Venus surface units using classical photogeologic methods to determine relative ages 

via embayment and superposition relations (Wilhelms, 1990) must be combined with knowledge of radar 
image interpretation pitfalls (for example, geometric distortion effects) and augmented by topography, back-
scatter, and other radar property data. Map units are defined on the basis of the morphology, surface textures, 
and structures observed in the Magellan SAR images (Tanaka, 1994). Emphasis has been placed on mapping 
units that represent stratigraphic units, that is, laterally continuous deposits that formed by similar geologic 
processes over a finite period of time. Morphologic or tectonic units are mainly characterized by structural dif-
ferences from their surroundings. They do not represent stratigraphically different materials, only differences in 
the degree of deformation. This map area contains predominantly plains materials that, though exhibiting vari-
able degrees of wrinkle ridge and ridge belt deformation, are grouped into one regional plains unit (unit pr). 
Deformation patterns are schematically designated by symbols rather than through mapping of units. As such, 
significant structural features such as Saule Dorsa are not mapped as geologic units, but rather as intensely 
deformed structural zones of former plains materials. 

Coronae such as Phra Naret and Ament are not mapped as units, although their rims are distinguished as 
units (units rga, rsa). The boundaries of surficial units are mapped by comparing the SAR backscatter of over-
lapping regions between different cycles (see fig. 1). Some regions have anomalously higher (or lower) back-
scatter in one cycle compared to another and are distinct from regions in which backscatter differences 
between cycles are more normal (for example, fig. 6D).

Photographic and digital versions of the SAR images from cycles 1 and 2 provide the main tool for geo-
logic mapping. Full-resolution Mosaic Image Data Record (F–MIDR) images (sampled to 75 m/pixel) are used 
where available for detailed study of particular features, whereas compressed images (C1–, C2–, and 
C3–MIDR’s) provide regional perspectives, including regions beyond the limit of the map area. Photographic 
versions of USGS-produced full-resolution maps (FMAP’s) allow detailed comparison of widely spaced regions 
at full Magellan resolution and are a significant aid in locating and determining characteristics of small features 
such as canali-type channels. Construction of SAR difference images (cycle 1–cycle 2) is also valuable in 
emphasizing topography and backscatter differences (fig. 3). Earth-based radar images (Arecibo, Goldstone) 
are restricted to longitudes from about 265°–35° (Plaut and Arvidson, 1992) and are thus unavailable for this 
area of the planet.

Magellan altimetry has lower spatial resolution than SAR but is nonetheless vital to understanding the 
present topography of the region. Two products that combine SAR and altimetry data are used here. The first 
is USGS-produced “synthetic stereo” photographic C1–MIDR images in which parallax is introduced by shift-
ing pixels depending on their altitude in a registered Magellan topographic image. Stereo viewing of SAR 
images having vertical exaggerations of 10× and 50× is valuable for discerning structural and topographic rela-
tions between adjacent regions. Placement of structural symbols for ridges and troughs often is based on com-
parison of the synthetic stereo images with topography for the region. The second product is a synthetic 
perspective image created by draping SAR images over topography (figs. 4, 5). These images provide an addi-
tional means of readily comparing the distribution of stratigraphic units and structural features with topogra-
phy. Though both of these products are subject to artifacts resulting from the mismatch in spatial resolutions 
between SAR and altimetric data, the relatively low topographic relief within the Barrymore quadrangle mini-
mizes these effects.

The other radar datasets (emissivity, reflectivity, and root mean square (rms) slope available on the GxDR 
CD-ROM [National Aeronautics and Space Administration, 1993]) help characterize the surface properties of 
units that have been mapped using SAR images. Radar property information (table 2) was not used extensively 
for unit discrimination, although it is included for all units. Unfortunately, for this high-latitude region artifacts 
in the reflectivity and rms slope data are prevalent, making use of their values limited (National Aeronautics 
and Space Administration, 1993; Plaut and others, 1992; Johnson, 1994).

STRATIGRAPHY
The oldest materials in the map area include volcanically flooded and (or) tectonically deformed remnant 

materials. Tessera material (unit t) represents remnant highland, ridge belt, or disrupted corona material and 
occurs as isolated hills or larger continuous regions embayed by later lavas or other units. Corrugated ridged 
plains material (unit prc) is the oldest unit to embay tessera material, although the stratigraphic history during 
the interval between emplacement of the two materials is unclear. The corrugated ridged plains material may 
represent compressionally deformed older plains material or possibly the central portion of a former corona 
complex (lat 68° S., long 207°; fig. 5), because it is overlain in different areas by either arcuate ridge and 
groove material (unit rga) or smooth arcuate ridge material (unit rsa) and is flooded by regional plains material 
(unit pr).

Arcuate ridge and groove material (unit rga) comprises concentric groupings of ridges and fractures ele-
vated relative to the surrounding terrain and embayed or crosscut by lavas and ridges associated with regional 
plains material. The arcuate ridge and groove unit is interpreted as a type of volcanically flooded corona rim. A 
similar unit is smooth arcuate ridge material (unit rsa), which encompasses smaller semiparallel, curvilinear, 
smooth-topped ridges; this material may represent either ridge belt apices surrounded by volcanically flooded 
regions or corona rim remnants (or both).

Mottled ridged plains material (unit prm) represents old volcanic deposits, some with channelized lava 
flows, which deformed contemporaneously with wrinkle ridge formation in the regional plains material. This 
material often occurs in “splotchy” patterns with sharp to gradational edges making superposition relations 
with regional plains material difficult to discern. However, regional plains material appears to have embayed 
mottled ridged plains material. Undifferentiated plains material (unit pu) occurs only in the north-central part of 
the map area (type locality at lat 51.5° S., long 209°). This material is distinguished by its embayment by 
regional plains material and higher backscatter. It appears to be older lavas originated from the southern rim of 
a corona at lat 47.5° S., long 208°.

Regional plains material (unit pr) comprises the majority of the map area and represents a significant 
period of volcanic flooding and tectonic activity in this region. Both structurally smoother areas and ridge belts 
are incorporated in the regional plains material; smooth areas represent lavas unaffected by wrinkle ridge 
deformation, whereas ridge belt areas represent intense deformational (compressional) zones of overlapping 
wrinkle ridges and smooth ridges with minor fracturing. Nearly all other plains materials exposures are in con-
tact with the regional plains material, although not necessarily with each other. 

Clusters of small volcanic cones and domes grouped as dome fields (unit df) occur among most plains 
materials throughout the stratigraphic column. They are distinguished by their circular shape, relatively high 
relief (as evidenced by high backscatter on their radar-facing sides), and central, high backscatter points inter-
preted as summit pits. Rarely, flow material is observed surrounding individual domes. The visibility of these 
features can depend on look direction and the backscatter contrast difference between the dome and surround-
ing material. It is difficult to interpret the age of domes that occur within stratigraphically older materials (for 
example, unit prc), because they do not show clearly either the structural disruption characteristic of the unit 
or younger flow materials. Though a few older cones do appear to have been flooded contemporaneously with 
older units by younger regional plains material (for example, lat 65.78° S., long 203.13°), others occur as 
more recent dome fields that extend from regional plains material into older units (for example, lat 67.5° S., 
long 209.8°). 

Mottled textured plains material (unit ptm) is often semicircular to oval-shaped material up to 40 km 
across that may coalesce into irregularly shaped regions >100 km across. It has been deformed by wrinkle 
ridges contemporaneously with those in the regional plains material. Unit ptm shows a slightly hummocky tex-

ture with intermediate, mottled backscatter and margins more diffuse than mottled ridged plains material (unit 
prm). It is interpreted as sites of volcanic (explosive?) activity, with the hummocky, broken textures suggestive 
of many small (below spatial resolution of SAR images) volcanic centers or blocky volcanic ejecta (or both). This 
unit may represent one of the last stages of volcanic activity after formation of the regional plains material.

Imdr plains material (unit pI) is low backscatter material that occurs only at lat 50.5° S., long 212.5°. It 
appears to have emanated from the Imdr highland area to the north of the map area and covers regional 
plains material. This unit may represent extensive, early-stage lava flow(s) associated with Imdr volcano (lat 
46.5° S., long 214.5°) or fissure flows from Imdr Regio.

Lobate plains material (unit pl) is very high backscatter (fig. 6A), digitate to lobate material interpreted as 
lava flows overlying the regional plains material. The flows at the type locality, Sicasica Fluctus (lat 52° S., long 
181°), are interpreted to have originated from a tectonovolcanic region west of the map area. The streamlined 
nature of some portions of the unit and usually well-defined lobate margins resemble crater flow material (unit 
cf). Lower backscatter, mottled splotches, and (or) lineaments occur along the margins of the unit and blur 
local stratigraphic relations with the regional plains material.

Regional plains material is overlain by two volcanic flow units grouped under edifice materials because of 
their association with two large edifice structures. Two units of the concentric edifice material (units ec1, ec2) 
extend around an edifice near lat 71° S., long 192° (fig. 4). This edifice is interpreted as a partially deflated 
volcanic caldera on the basis of the surrounding concentric ridges, fractures, interior depressions, volcanic 
cones, and faint lobate flow materials (too small to be mapped here). The ec1 and ec2 units are well defined 
on their eastern border, whereas their western and southern boundaries are more diffuse, with possible embay-
ment by mottled textured plains material (unit ptm) on the western edge. The lower backscatter interior mate-
rial constitutes unit 2 (unit ec2) and is interpreted to overlie the intermediate backscatter exterior material 
comprising unit 1 (unit ec1). The southeastern margin of unit 1 appears to be buried by a low backscatter surfi-
cial material. Although such surficial material most often occurs near impact craters (the closest of which is sev-
eral hundred kilometers away from this area), figure 4 shows this low backscatter surficial material to occur in a 
valley between two ridges, possibly providing a sink for windblown materials. 

Lobate textured edifice material (unit etl) also overlays regional plains material and is disrupted by wrinkle 
ridge formation contemporaneous with that of the regional plains material. It includes numerous overlapping 
lavas, often with observable flow margins, that emanated from the Raskova Paterae caldera complex near lat 
52° S., long 222°–224° in Helen Planitia.

Crater material (unit c) (including crater floor, wall, rim, central peak, and ejecta deposits) and crater flow 
material (unit cf) occur near the top of the stratigraphic column. The only crater to be deformed by wrinkle 
ridges associated with regional plains material is Barrymore (57 km diameter; lat 52.3° S., long 195.7°). Surfi-
cial material is the youngest material in the map area. Composed of fine particles originated during impact 
events and then deposited by aeolian processes (Campbell and others, 1992; Greeley and others, 1992), this 
material apparently forms dunelike landforms with asymmetrically oriented faces. This particular geometry 
results in peculiar backscatter contrast reversals between cycle 1 and cycle 2, which are described below.

STRUCTURE
The overall structure in the map area is dominated by (1) east-west compressional tectonics resulting in 

nearly ubiquitous north-south linear wrinkle ridge formation, (2) more intense compressional belts, such as 
Saule Dorsa, formed from the destruction of regional plains material (unit pr), and (3) large curvilinear swells 
such as Nambi and Chih Nu Dorsa (fig. 4). This deformation appears to have occurred later in the history of 
this area (as evidenced by the superposition of the wrinkle ridges over most units) but was completed before 
the onset of impact cratering events (with the exception of Barrymore).

Minor wrinkle ridges (unmapped) oriented generally east-west (due to north-south compression) occur near 
lat 56.5° S., long 192°, and reticulate patterns of wrinkle ridges occur near lat 56° S., long 217° and near lat 
71.5° S., long 220°. Using the techniques of McGill (1993, 1994) to determine stratigraphic relations 
between wrinkle ridge sets, it is interpreted that these minor wrinkle ridges formed after the dominant north-
south wrinkle ridges. The reticulate and zigzag patterns are characteristic of secondary wrinkle ridges formed 
under the influence of older ridges. Some regions lack major wrinkle ridges (for example, near lat 71.5° S., 
long 203°), and younger plains lavas do not embay them. The relative lack of these structures may be caused 
by greater crustal thickness or variations in crustal layering in these regions, which could diminish the magni-
tude of the local crustal stresses necessary for wrinkle ridge formation.

Longitudinal profiles of canali-type channels by Komatsu and Baker (1994) revealed the heavily disrupted 
nature of the channels and surrounding plains, which is consistent with deformation occurring after emplace-
ment of the plains materials (Basilevsky and Head, 1996). Intense, localized tectonism was widespread and 
occurred early in the history of this area, as suggested by the remnant corona material and tessera (unit t). Low 
curvilinear swells throughout the map area may represent incipient stages or stalled initiation of corona forma-
tion (Stofan and others, 1992; Squyres and others, 1992). Minor extensional tectonics (fractures) superim-
posed by wrinkle ridges are also seen in the map area, particularly associated with the lobate textured edifice 
material (unit etl) and the mottled textured plains material (unit ptm) along the western portion of the map 
area (lat 67° S., long 180°). 

CANALI-TYPE CHANNELS
Three branches of the western canali-type channels (Citlalpul Valles and Xulab Vallis) exhibit bifurcations 

from north-south to east-west orientations (fig. 2). North of the bifurcation points each channel segment con-
sistently appears (at full resolution) more degraded than the eastern segments, suggesting that the flow of 
material was diverted from a north-south orientation to an easterly one. The occurrence of these bifurcations 
appears to coincide with the western edge of an irregularly shaped basin greater than 1,000 km wide and 1 
km deep. The formation of the basin may have resulted in a divergence of channel flow eastward toward the 
center of the basin. If canali-type channels were involved in the formation of the plains (Baker and others, 
1992; Komatsu and others, 1992, 1993), then this observation suggests that plains deformation was concur-
rent with plains creation. However, the time scale for basin formation is probably greater than that for lava 
channel formation (Komatsu, 1993). If the basin existed previous to the channel formation, the bifurcation 
could have been generated more from local conditions such as flow blockage. Once blocked, the redirected 
channel would have propagated eastward under the influence of a regional eastward-dipping slope associated 
with the basin. However, the heavily disrupted nature of canali topographic profiles (Komatsu and Baker, 
1994) demonstrates that the canali are relatively old features that have been heavily tectonized after their for-
mation. Though this makes reconstruction of original channel flow trends difficult, it also provides another 
stratigraphic marker for plains formation history. For example, on the right side of the topography image in 
figure 2, an elevated, intermittent, north-south-oriented ridge occurs within the irregular basin. This ridge 
crosses two of the main channel segments. If the irregular basin was present before or during establishment of 
the channels, then this central ridge probably postdates the basin formation. This scenario would be consistent 
with formation of the irregular basin by subsidence during magma withdrawal (possibly concurrently with plains 
formation), with associated compressive stresses responsible for forming the major north-south ridge system as 
well as the smaller wrinkle ridges.

IMPACT CRATERS
Twenty-seven impact craters populate the region (table 1), resulting in a crater density of 3.5 × 10–6 cra-

ters/km2 for this map area. Though somewhat greater than the planetary average of 2.1 × 10–6 craters/km2 
(Strom and others, 1994), this is not sufficiently statistically different to imply an older surface than the plane-

tary average (R.G. Strom, oral commun., 1996). All craters postdate plains emplacement and deformation 
except Barrymore (57 km; lat 52.3° S., long 195.7°). Extended deposits associated with impact crater mate-
rial (for example, Eudocia [27 km; lat 59.07° S., long 201.96°]) exhibit severe backscatter contrast reversals 
between cycles 1 and 2, resulting potentially from asymmetrically oriented dune or ripple faces (compare with 
Weitz and others, 1994). The largest crater is Sayers (98 km; lat 67.5° S., long 229.8°), which exhibits a low 
backscatter, flooded floor and an extensive, higher backscatter fluidized ejecta blanket (FEB).

Crater material (unit c) includes crater floors, walls, rims, central peaks or rings, and ballistic ejecta that 
radiates from an impact crater, often asymmetrically, forming individual arms or lobes with sharp to grada-
tional distal boundaries overlying plains materials (compare with Phillips and others, 1991; Schaber and oth-
ers, 1992; Schultz, 1992). Crater material may also include diffuse outflow lobes of low to intermediate radar 
backscatter that occur within or distal to ballistic ejecta or crater flow material (or both). Crater flow material 
(unit cf) is usually high backscatter, smooth to hummocky-textured material showing lobate edges and stream-
lined morphology extending up to several crater diameters from the crater rim. It is interpreted as channelized 
FEB outflow material with possible incorporation of minor ballistic ejecta blocks, most often emplaced as a 
drainage of fluidized material from the ballistic ejecta (Chadwick and Schaber, 1993; Johnson and Baker, 
1994; Johnson and Gaddis, 1996).

SURFICIAL MATERIALS
Some of the most intriguing features in the Barrymore quadrangle are parabolic-shaped deposits extend-

ing from the craters Eudocia and Guan Daosheng. In cycle 1 images most of these deposits appear radar 
bright (fig. 1) and have been interpreted as impact ejecta fines emplaced around and downwind from the cra-
ters, resulting in deposits of centimeters to meter depth (Campbell and others, 1992). The SAR difference 
image in figure 3 emphasizes the differences in backscatter between surficial deposits for cycles 1 and 2 look 
directions (compare to fig. 1). Two types of the surficial materials exhibit normal backscatter variations 
between cycle 1 and cycle 2: those designated with a filled circle pattern (intermediate to low backscatter mate-
rials such as those extending linearly west and southwest from Eudocia) and dotted stipple patterns (intermedi-
ate to high backscatter materials such as those immediately surrounding Eudocia) (fig. 6D). However, surficial 
materials with the open circle stipple pattern have higher backscatter in cycle 1 images (such as the large 
region east of Guan Daosheng), whereas the dashed pattern surficial materials have higher backscatter in cycle 
2 images (restricted to an area near lat 63.3° S., long 182°) (figs. 3, 6D). The boundaries of the surficial mate-
rials can be poorly defined or gradational with surrounding plains. The visibility of structures underlying this 
material (for example, ridges and lineaments) may vary with look angle. High (low) backscatter material may 
contain pockets of low (high) backscatter material, especially on or at bases of ridges.

The extreme radar backscatter contrast reversal associated with these deposits has been noted by Plaut 
and others (1992), Farr (1993), Johnson (1994), and Weitz and others (1994) and attributed to asymmetric 
orientation of aeolian dune faces. Materials visible only in cycle 1 images are interpreted as variable thickness 
aeolian deposits forming dunes or ripples with east-facing lee sides composed of small- to medium-scale fines. 
Materials with high to intermediate backscatter visible only in cycle 2 images are likewise interpreted as dunes 
or ripples with west-facing lee slopes. Johnson (1994) used orbital footprint data (ARCDR’s) from each cycle 
to construct images of the radar properties of these extended deposits and to investigate their variability 
between cycles. Although high latitude regions have higher than normal reflectivity and rms slope values due to 
undetermined reasons (National Aeronautics and Space Administration, 1993; Plaut and others, 1992), John-
son (1994) found that the most anomalous radar property values corresponded well with the parabolic surficial 
deposits. This relation suggests that these units, although insufficiently well modeled or calibrated via the altim-
etry data reduction techniques (Ford and Pettengill, 1992), have unique (albeit not well constrained) surface 
property characteristics. 

Further, it was noted that the reflectance, emissivity, and rms slope values in the majority of the map area 
did not change noticeably between cycles 1 and 2. If the surface materials had changed between the cycle 1 
and cycle 2 data acquisition time (potentially due to continuing aeolian processes redistributing surface fines 
over the course of the 8-month time period between cycle coverage) one would expect those surface property 
values to be affected by small-scale surface roughness (that is, the emissivity and the reflectivity) to show corre-
sponding differences. Johnson (1994) concluded that the reasons for the backscatter differences observed for 
these extended deposits between cycles 1 and 2 are not due to changes in the surface material but rather due 
to surface scattering characteristics resulting from dune face and (or) ripple geometry.

GEOLOGIC HISTORY
The geologic history of Barrymore quadrangle involves early, intense tectonic deformation of precursor 

material prior to areally extensive plains volcanic flooding. Regional compression followed, forming ridged 
plains and linear ridge belts. The majority of impact craters occurred after this event, with the most recent 
depositing extended surficial deposits affected by aeolian processes.

The oldest unit is tessera material (unit t), which occurs mainly in the region of the intersection between 
Saule Dorsa and the east-west disrupted zone. Also in this region, arcuate ridges (arcuate ridge and groove 
material [unit rga], smooth arcuate ridge material [unit rsa]), and complicated plains regions (corrugated ridged 
plains material [unit prc]) embay tessera in places and are suggestive of early corona development (for exam-
ple, Phra Naret and Ament coronae). In association with this material, minor volcanism in the form of steep-
sided edifices and small volcanic dome fields (unit df) may have begun near this time. Early Imdr Regio plains 
volcanism and (or) volcanism associated with other corona development (undifferentiated plains material [unit 
pu]) occurred in the northern part of the map area.

Areally extensive plains formation (regional plains material [unit pr]) then became the dominant event in 
the map area. Extensive canali-like channels probably assisted with the transport of lavas over the entire map 
area, particularly in Nsomeka Planitia. The precise temporal and spatial variability of this event is uncertain 
because there are no obvious sources for the lavas. The occurrence of this event probably is contemporaneous 
with the postulated global resurfacing event (Strom and others, 1994; Basilevsky and Head, 1996) thought to 
explain the unique impact crater statistics observed for the planet.

Caldera formation (for example, Raskova Paterae [unit etl], Teasdale Patera) occurred after the major 
plains formation event. Isolated lavas from volcanotectonic edifices (concentric edifice material [units ec1, ec2], 
lobate plains material [unit pl], mottled textured plains material [unit ptm]) and some flooding from Imdr Regio 
north of the map area (Imdr plains material [unit pI]) also occurred near this time, possibly as late-stage volcan-
ism from the plains-forming event. Volcanic domes and cones (unit df) occurred intermittently throughout most 
of the history of this area, especially in the east-west disrupted zone.

The plains then underwent regional east-west compression, forming wrinkle ridges on nearly all plains 
units. Small regions of smooth plains represent areas where compression was not manifested by surface ridges 
and do not represent post-wrinkle ridge flooding. Concurrent with this compressional regime was the forma-
tion of the north-south-oriented linear ridge belts such as Saule Dorsa, Vaiva Dorsum, Chih Nu Dorsum, and 
Nambi Dorsum. The intense compressional state of the region also disrupted most of the early east-west dis-
rupted zone volcanic/tectonic units. Minor north-south compression followed this event, as evidenced by sec-
ondary, mainly east-west-oriented wrinkle ridges.

The only crater to have been disrupted by the wrinkle ridges, however, is Barrymore (57 km; lat 52.3° S., 
long 195.7°). The other craters postdate the formation of the wrinkle ridges. Extended surficial deposits asso-
ciated with the craters Eudocia and Guan Daosheng are the youngest features in the region. Their unique SAR 
backscatter contrast reversals between cycles 1 and 2 imply that they are composed of asymmetrically oriented 
aeolian dune faces or ripples, which backscatter differently between the opposite-look geometries. Analysis of 

the reflectivity, emissivity, and slope properties of these units shows no appreciable change between cycles, 
further suggesting that the surface material did not change between mapping cycles. These units likely com-
prise relatively fine grained, thin (centimeter to meter) deposits (Arvidson and others, 1992; Campbell and oth-
ers, 1992).
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Figure 1.  Comparison of cycle 1 (left; left-looking) and cycle 2 (right; right-looking) coverage for Barrymore 
quadrangle and surrounding regions. North is toward the top in both images. Grid is shown in 5-degree 
latitude and longitude increments. Lambert projection centered at lat 63.5° S., long 210°. Map area boundary 
is outlined in white.

Figure 2.  Cycle 1 SAR image (left; left-looking) and corresponding topography (right; 100-m contours) of 
northwestern part of map area centered at lat 55° S., long 183°. Overlain on both are tracings of canali-type 
channels showing three bifurcation points (within large white circles on topography image) in which orientations 
change from predominantly north-south to east-west derections. North is toward the top in both images. 
Highest and lowest elevations are marked on topography image. Image is about 750 km across.

Figure 3.  SAR difference (cycle 1-cycle 2) image of Guan Daosheng/Eudocia region, 
constructed from C2-MIDR images. Brighter regions correspond to regions with greater 
backscatter	 in cycle 1 (incidence angle ~21°), whereas dark regions have greater cycle 2 
backscatter (incidence angle ~24°; compare with fig. 6D). North is toward the top. Image 
scene is 1,930 km across. Sinusoidal projection centered at lat 59° S., long 195°.
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Figure 6.  Backscatter cross sections (σo) verus incidence angle (cycle 1 and cycle 2) for 
all units in Barrymore	quadrangle: A, Plains materials; B, crater materials and edifice 
materials; C, ridge materials and hilly materials; D, surficial materials. Values obtained 
using method and software of Campbell (1994, 1995). See table 2 for specific values 
and ancillary radar property information. Each average value is shown with plus and 
minus one standard deviation from average. Muhleman curve represents average Venus 
backscatter response (Campbell, 1995; Tanaka, 1994).

Figure 5.  SAR image (cycle 1; left-looking) and accompanying synthetic perspective image of region centered 
near lat 67.5° S., long 207°, near center of map area, showing examples of tessera material (unit t), corrugated 
ridged plains material (unit prc), smooth arcuate ridge material (unit rsa), and arcuate ridge and groove material 
(unit rga) of Phra Naret corona near crater Edinger (35 km diameter). North is toward the top. Image scene is 
about 420 km across.
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Table 1.  Impact craters in Barrymore quadrangle.

[Data from Schaber and others (1992, 1996); updated crater names from Gazetteer of 
Planetary Nomenclature, revised January 1999, at http://wwwflag.wr.usgs.gov/ 
USGSFlag/Space/nomen/nomen.html]

Name	 Latitude (°)	 Longitude (°)	 Diameter (km)	 Type*

Ulla	 –51.51	 184.55	 10.4	 I
Barrymore	 –52.34	 195.68	 56.6	 D
Virginia	 –52.90	 185.90	 18.5	 P
	Retno	 –52.96	 192.36	 7.2	 I
	Umkana	 –53.30	 198.60	 6.2	 I
Nina	 –55.53	 238.71	 24.6	 M
	Runak	 –58.50	 196.30	 7.6	 I
Eudocia	 –59.07	 201.96	 27.5	 P
Gretchen	 –59.70	 212.30	 20.8	 P
Vesna	 –60.30	 220.50	 14.9	 I,P
Morisot	 –61.17	 211.34	 48.0	 P
Guan Daosheng	 –61.20	 181.81	 43.6	 P
Evelyn	 –61.20	 212.30	 18.0	 P
Durant	 –62.31	 227.65	 21.1	 I
Bryce	 –62.51	 196.99	 23.9	 P
Vacarescu	 –62.96	 199.79	 31.45	 P
Oku	 –64.20	 232.20	 13.3	 P
	Yonok	 –65.10	 234.10	 9.5	 S
	Zakiya	 –66.54	 234.14	 7.5	 S
Sayers	 –67.50	 229.80	 98.0	 D
Orlette	 –68.11	 193.31	 12.5	 I
Edinger	 –68.82	 208.52	 33.3	 P
Leonard	 –73.85	 185.18	 31.7	 P
Wiwi-yokpa	 –73.85	 228.37	 4.5	 I
Oivit	 –73.92	 195.51	 4.8	 I
Isolde	 –74.53	 211.96	 11.9	 I
Rufina	 –74.62	 195.17	 5.0	 I

*Denotes classification scheme from Schaber and others (1996): P=central peak crater; D=double-ring 
basin; S=structureless floor crater; I=irregular crater; M=multiple crater.

Table 2a.  Radar property data for geologic units in Barrymore quadrangle (V–59).

[For each unit, first line is cycle 1 data, second line is cycle 2 data. Backscatter values are given as average σo computed from given number of 
pixels plus and minus one standard deviation (in parentheses) using the method and software of Campbell (1995). No cycle 1 coverage exists for 
unit ec2]

Unit	 Latitude,Longitude	 Pixel	 Number	 Incidence angle	 Backscatter (dB)
	 	 scale (m)	 of pixels	 range (degrees)

ec1	 (–70.196,–69.992), (195.060,195.607)	 225	 8372	 18.40–18.33	 –8.638 (–9.902,–7.660)
ec1	 	 	 8536	 21.64–21.56	 –9.719 (–11.090,–8.679)
ec2
ec2	 (–70.256,–70.115), (194.509,194.839)	 225	 3015	 21.59–21.54	 –10.776 (–12.129,–9.745)
pr	 (–54.968,–54.774), (188.360,188.578)	 225	 5520	 21.87–21.82	 –13.465 (–14.570,–12.586)
pr	 	 	 5520	 24.74–24.73	 –13.936 (–15.244,–12.933)
et1	 (–51.359,–51.193), (223.499,223.717)	 225	 5056	 22.89–22.84	 –11.969 (–13.891,–10.641)
et1	 	 	 5056	 24.99–24.98	 –12.728 (–14.768,–11.345)
ptm	 (–59.602,–59.448), (227.422,227.775)	 225	 5548	 20.82–20.79	 –13.957 (–15.197,–12.993)
ptm	 	 	 5548	 24.17–24.16	 –9.500 (–12.044,–7.906)
prm	 (–51.555,–51.297), (231.767,232.161)	 225	 12322	 22.85–22.78	 –11.557 (–15.448,–9.538)
prm	 	 	 12322	 24.98–24.97	 –12.181 (–15.148,–10.435)
prc	 (–67.593,–67.395), (204.361,204.768)	 225	 6674	 19.21–19.15	 –8.453 (–13.672,–6.150)
prc	 	 	 6674	 22.41–22.35	 –9.201 (–12.800, –6.013)
pI	 (–50.386,–50.246), (212.378,212.516)	 225	 2345	 22.87–22.83	 –12.022 (–13.079,–11.173)
pI	 	 	 2345	 24.98–24.98	 –13.134 (–13.925,–12.466)
pu	 (–50.346,–50.180), (206.515,206.703)	 225	 4108	 23.22–23.16	 –9.458 (–11.041,–8.301)
pu	 	 	 4108	 25.05–25.04	 –10.038 (–11.907,–8.735)
pl	 (–52.206,–52.074), (180.919,181.101)	 225	 3339	 22.62–22.57	 –3.933 (–6.262,–2.426)
pl	 	 	 3339	 24.93–24.93	 –6.026 (–9.016,–4.271)
rga	 (–66.430,–66.159), (211.358,211.995)	 225	 7436	 19.29–19.27	 –7.998 (–11.195,–6.177)
rga	 	 	 7436	 22.50–22.47	 –9.628 (–11.851,–8.165)
rsa	 (–67.102,–66.875), (203.260,203.424)	 225	 2483	 19.35–19.29	 –5.953 (–18.141,–3.076)
rsa	 	 	 2484	 22.55–22.49	 –8.540 (–12.688,–6.457)
c	 (–61.383,–61.275), (181.955,182.332)	 225	 4472	 20.44–20.42	 –5.835 (–10.579,–3.622)
c	 	 	 4472	 23.88–23.86	 –5.408 (–11.377,–2.985)
cf	 (–61.240,–60.992), (180.491,180.580)	 225	 2478	 20.49–20.44	 –2.532 (–3.450,–1.775)
cf	 	 	 2478	 23.93–23.89	 –4.298 (–5.587,–3.305)
df	 (–67.171,–67.079), (209.490,210.417)	 225	 14592	 19.52–19.46	 –7.835 (–10.078,–6.364)
df	 	 	 14592	 22.76–22.68	 –9.517 (–12.527,–7.756)
t	 –67.017,–66.781), (206.867,207.165)	 225	 6048	 19.37–19.31	 –5.200 (–11.880,–2.683)
t	 	 	 6048	 22.58–22.51	 –9.529 (–13.544,–7.479)

Stipple Patterns:

filled	 (–57.358,–57.235), (200.426,200.876)	 225	 6431	 21.29–21.27	 –11.515 (–14.749,–9.682)
filled	 	 	 6431	 24.50–24.48	 –13.419 (–18.520,–11.137)
open	 (–56.489,–56.309), (197.866,198.260)	 225	 7826	 21.49–21.45	 –5.754 (–6.906,–4.845)
open	 	 	 7826	 24.60–24.58	 –14.043 (–15.050,–13.226)
dash	 (–63.652,–63.504), (180.885,181.258)	 225	 5451	 20.09–20.07	 –12.516 (–14.419,–11.198)
dash	 	 	 5451	 23.44–23.41	 –8.646 (–10.848,–7.192)
dot	 (–57.116,–56.899), (197.717,198.027)	 225	 6695	 21.36–21.32	 –9.028 (–10.072,–8.187)
dot	 	 	 6695	 24.54–24.51	 –11.363 (–12.553,–10.430)

Table 2b.  Radar property data for geologic units in Barrymore quadrangle (V–59).

[Values in parentheses correspond to minimum and maximum values in region. εs,εr are dielectric constants estimated from calculations for 
smooth (s) and rough (r) surfaces using the method of Campbell (1995)]

Unit	 Planetary radius (km)	 Root-mean-square slope	 Reflectivity	 Emissivity	 εs,εr

ec1	 6051.699 (6051.627,6051.775)	 1.74 (1.70,1.90)	 0.115 (.105,.120)	 0.850 (.850,.851)	 4.7,5.1
ec2	 6051.549 (6051.500,6051.604)	 1.85 (1.80,2.00)	 .109 (.105,.115)	 .850 (.850,.851)	 4.7,5.1
pr	 6051.023 (6050.970,6051.062)	 3.29 (2.90,4.10)	 .178 (.165,.220)	 .832 (.830,.834)	 5.1,5.7
etl	 6050.929 (6050.832,6051.091)	 3.31 (2.50,4.50)	 .133 (.105,.160)	 .848 (.846,.850)	 4.5,5.2
ptm	 6051.146 (6051.120,6051.195)	 4.16 (3.20,5.40)	 .198 (.150,.265)	 .853 (.852,.854)	 4.5,5.0
prm	 6050.858 (6050.797,6050.896)	 4.39 (2.00,5.70)	 .189 (.150,.225)	 .845 (.843,.847)	 4.6,5.3
prc	 6051.537 (6051.497,6051.633)	 2.13 (1.70,2.80)	 .120 (.105,.140)	 .843 (.842,.845)	 4.9,5.3
pI	 6051.341 (6051.311,6051.383)	 2.09 (1.50,3.80)	 .096 (.080,.125)	 .862 (.860,.864)	 4.2,4.7
pu	 6051.502 (6051.283,6051.598)	 7.22 (5.40,8.50)	 .180 (.120,.260)	 .860 (.859,.862)	 4.2,4.8
pl	 6051.167 (6051.053,6051.298)	 3.64 (2.50,4.20)	 .157 (.130,.175)	 .829 (.827,.831)	 5.1,5.8
rga	 6051.786 (6051.598,6051.878)	 4.81 (2.60,10.10)	 .152 (.125,.175)	 .850 (.849,.851)	 4.7,5.1
rsa	 6051.955 (6051.856,6052.114)	 4.62 (3.60,6.40)	 .174 (.150,.190)	 .849 (.849,.849)	 4.7,5.2
c	 6051.172 (6051.101,6051.201)	 3.53 (2.70,4.60)	 .175 (.145,.215)	 .823 (.820,.825)	 5.4,6.0
cf	 6051.082 (6051.052,6051.093)	 2.27 (1.80,3.00)	 .134 (.115,.165)	 .804 (.803,.806)	 6.0,6.7
df	 6051.565 (6051.515,6051.640)	 4.22 (3.60,5.50)	 .148 (.130,.175)	 .850 (.849,.851)	 4.7,5.1
t	 6051.592 (6051.441,6051.762)	 3.08 (2.00,4.60)	 .149 (.130,.180)	 .848 (.848,.849)	 4.7,5.2

Stipple 	Patterns:

filled	 6051.578 (6051.500,6051.712)	 2.73 (2.30,4.20)	 .113 (.095,.140)	 .839 (.837,.841)	 4.9,5.5
open	 6051.150 (6051.096,6051.235)	 6.46 (4.50,9.80)	 .198 (.130,.390)	 .837 (.836,.838)	 4.9,5.5
dash	 6051.257 (6051.214,6051.273)	 4.15 (3.00,9.40)	 .140 (.120,.180)	 .821 (.819,.822)	 5.5,6.1
dot	 6051.432 (6051.300,6051.546)	 5.79 (4.30,8.40)	 .241 (.185,.370)	 .849 (.844,.854)	 4.6,5.2

Figure 4.  SAR image (cycle 2; right-looking) and accompanying synthetic perspective image created using 
Magellan topography of region centered near lat 71° S., long 195°, showing portions of concentric edifice 
material (units ec1, ec2) near a large, broad basin bounded by a sinuous ridge (Chih Nu Dorsum). Edifice left of 
center amoung high backscatter ridges is 50 km long. North is toward the top. Image scene is about 420 km 
across.
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